 865-873 (1997) 
death rates in the United States are decreasing, after adjustment for age and exclusion of lung cancer. The age-adjusted mortality rate for all cancers combined (excluding lung and bronchus) has declined 14% from 1950 to 1990. Smoking, in addition to causing 90% of lung cancer, contributes to cancers of the mouth, esophagus, pancreas, bladder, and possibly colon; if these were taken into account, the dedine would be greater.
Peto and colleagues (2) have come to the same conclusion: "The common belief that there is an epidemic of death from cancer in developed countries is a myth, except for the effects of tobacco. In many countries cancer deaths from tobacco are going up, and in some they are at last coming down. But, if we take away the cancer deaths that are attributed to smoking then the cancer death rates that remain are, if anything, declining."
The number of people newly diagnosed with cancer (incidence rate) has been increasing for some types of cancer. In their comprehensive study on the causes of cancer, Doll and Peto (3) point out that incidence rates should not be taken in isolation because reported incidence rates for a disease might reflect increases in registration of cases and improvements in diagnosis. For example, the rapid increase in age-adjusted prostate cancer incidence without any major increases in mortality is mostly due to increased screening and incidental detection during prostatectomy for benign prostatic hypertrophy (4). Devesa et al. (5) discuss incidence and mortality trends by site in detail.
Major Contributors to Risk of Cancer
Two critical factors in the formation of mutations are lesions in DNA (produced when DNA is damaged) and cell division (which converts DNA lesions to mutations). Agents that increase either lesions or cell division in stem cells can increase mutations, and as a consequence increase cancer incidence (below) (4, (6) (7) (8) . Hormones stimulating cell division increase cancer incidence (e.g., estrogen in breast cancer and testosterone in prostate cancer); hormones may be a risk factor in about 20% of human cancer (4, 6) .
Oxidative Damage and the Degenerative Diseases ofAging Aging and its degenerative diseases appear to be due in good part to the accumulation of oxidative damage to DNA and.other macromolecules (9) . By-products of normal metabolism-superoxide, hydrogen peroxide, and hydroxyl radical-are the same oxidative mutagens produced by radiation (10) . Oxidative lesions in DNA accumulate with age, so that by the time a rat is old (2 years) it has about 1 million DNA lesions per cell, which is about twice the number in a young rat (9) . Mutations also accumulate with age. DNA is oxidized in normal metabolism because antioxidant defenses, though numerous, are not perfect. Endogenously produced oxidants can damage proteins as well as DNA (11). In two human diseases associated with premature aging, Werner's syndrome and progeria, oxidized proteins accumulate at a much higher rate than normal (11).
Chronic inflammation from chronic infection results in release of oxidative mutagens from phagocytic cells and is a major contributor to cancer (below).
Antioxidant defenses against oxidative damage include vitamins C and E and carotenoids. To the extent that the major external risk factors for cancer-smoking, unbalanced diet, and chronic inflammation-are diminished, cancer will appear at a later age, and the proportion of cancer that is caused by normal metabolic processes will increase. Diet Doll and Peto (3) and others (6) estimate that diet accounts for about one-third of cancer risk, and current research is slowly clarifying specific factors.
Cancer Prevention by Calorie or Protein Restriction. In rodents, a calorierestricted diet compared to ad libitum feeding markedly decreases tumor incidence and increases life span (12) (13) (14) .
Protein restriction appears to have a similar effect on rodents, although research is less extensive (15) . An (16, 17) . For example, Japanese women are now taller, menstruate earlier, and have increased breast cancer rates. Also, many of the variations in breast cancer rates among countries and trends over time within countries are compatible with changes in growth rates and attained adult height (18) .
Cancer Prevention by Dietary Fruits and Vegetables. Adequate consumption of fruits and vegetables is associated with a lowered risk of degenerative diseases such as cancer, cardiovascular disease, cataracts, and brain and immune dysfunction (9) . Nearly 200 studies in the epidemiological literature have been reviewed, and they show a consistent association between inadequate consumption of fruits and vegetables and cancer (19) (20) (21) . The quarter of the population with the lowest dietary intake of fruits and vegetables has roughly twice the cancer risk for most types of cancer (lung, larynx, oral cavity, esophagus, stomach, colon and rectum, bladder, pancreas, cervix, and ovary) compared with the quarter with the highest intake. For hormonally related cancers, the protective effect of consuming fruits and vegetables is weaker and less consistent: for breast cancer the protective effect appears to be about 30% (16, 19, 22) . Laboratory studies suggest that antioxidants such as vitamins C and E and carotenoids account for a good part of the beneficial effect of fruits and vegetables (9) ; however, epidemiologists have difficulty disentangling the effects of dietary intakes of the antioxidants from other important vitamins and ingredients in fruits and vegetables (23, 24) .
A wide array of compounds in fruits and vegetables in addition to antioxidants may contribute significantly to the reduction of cancer. Folic acid may be particularly important. Low folic acid intake causes chromosome breaks in rodents (25) and in humans (26, 27) and increases tumor incidence in some rodent models (28) . Folic acid is essential for the synthesis of DNA. Low folate intake has been associated with several neoplasms including adenomas and cancers of the colon (29) (30) (31) . Maternal deficiency of folate is associated with neural tube birth defects (32) . Deficient intake of folic acid is common in U.S. diets. About 15% of the U.S. population (33) has a folate level at which chromosome breaks are seen (26) . A study of adolescents (34) and elderly (35) from urban, low-income, predominantly African-American households, found that about half had such levels. Dietary fiber, obtained only from foods of plant origin, may contribute to lower risk of colon cancer (36) . Plant foods also contain a wide variety of weak estrogens that may act as antiestrogens by competing with estrogenic hormones (20, 24, 37) .
Other Aspects of Diet. Although epidemiological studies most clearly support the benefits of fruits and vegetables in the prevention of cancer, strong international correlations suggest that animal (but not vegetable) fat and red meat may increase the incidence of cancers of the breast, colon, and prostate (38) . However, large prospective studies have consistently shown either a weak association or a lack of association between fat intake and breast cancer (16) . Consumption of animal fat and red meat have been correlated with risk of colon cancer internationally, but the relation with fat intake has not been supported in most case-control and cohort studies (39, 40) ; the association with meat consumption appears more consistent (40) (41) (42) (43) . Consumption of animal fat and red meat has been associated with risk of prostate cancer (42, 44) . Mechanisms for these associations are not clear, but may include the effects of dietary fats on endogenous hormone levels (4), the local effects of bile acids on the colonic mucosa, the effects of carcinogens produced by cooking meat, and excessive iron intake from red meat. Excess iron absorption, particularly heme iron from meat, is a plausible, though unproven, contributor to the production of oxygen radicals (9) . Some of the large geographical differences in colon cancer rates that have been attributed to dietary factors are probably due to differences in physical activity, which is inversely related to colon cancer risk in many studies (45) (46) (47) .
Alcoholic beverages cause inflammation and cirrhosis of the liver, leading to liver cancer (48) . Alcohol is an important cause of oral and esophageal cancer and is also synergistic with smoking (48) and possibly contributes to colorectal cancer (31, 49) .
Cooking food is plausible as a contributor to cancer (50 (51) . Tobacco
Smoking contributes to about one-third of cancer, about one-quarter of heart disease, and about 400,000 premature deaths per year in the United States (52) . Tobacco is a known cause of cancer of the lung, bladder, mouth, pharynx, pancreas, stomach, larynx, esophagus (2) , and possibly colon (53) (54) (55) (56, 57) , although this estimate has been disputed (58) .
The carcinogenic mechanisms of tobacco smoking are not well understood. Smoke contains a wide variety of mutagens and rodent carcinogens, and smoking is a severe oxidative stress and causes inflammation in the lung. The oxidants in cigarette smoke-mainly nitrogen oxidesdeplete the body's antioxidants. Thus, smokers must ingest two to three times more ascorbate than nonsmokers to achieve the same level of ascorbate in blood, but they rarely do (59) (60) (61) (62) . Inadequate concentration of ascorbate in plasma is more common among single males, the poor, and smokers (63) . Paternal smoking may plausibly increase the risk of birth defects and childhood cancer in offspring (64).
C cer from Inflammadon Caused by Chronic Infection
White cells and other phagocytic cells of the immune system combat bacteria, parasites, and virus-infected cells by destroying them with potent mutagenic oxidizing agents. The oxidants protect humans from immediate death from infection; but they also cause oxidative damage to DNA, mutation, and chronic cell killing with compensatory cell division (65, 66) and thus contribute to the carcinogenic process. Antioxidants appear to inhibit some of the pathology of chronic inflammation (9) .
We estimate that chronic infections contribute to about one-third of the world's cancer. Hepatitis B and C viruses are a major cause of chronic inflammation leading to liver cancer-one of the most common cancers in Asia and Africa (67) (68) (69) . Hepatitis B and C viruses infect about 500 million people worldwide. Nearly half the world's liver cancer occurs in China (70) . Vaccinating babies at birth is potentially an effective method to reduce liver cancer and is routinely done for hepatitis B in Taiwan. The mutagenic mold toxin, aflatoxin, which is found in moldy peanut and corn products, interacts with chronic hepatitis infection in liver cancer development (71) (72) (73) .
Another major chronic infection is schistosomiasis, which is widespread in Egypt and Asia. In Egypt, the eggs of Schistosoma haematobium, deposited in the bladder, cause inflammation and bladder cancer (74) . In Asia, the eggs of Schistosoma japonicum, deposited in the colonic mucosa, cause inflammation, and there is limited epidemiological evidence for an association with colon cancer (74 for rodents (83) . We found that for 9 chemicals the permitted exposures were within a factor of 10 of the rodent carcinogenic dose and for 17 they were between 10 and 100 times lower. These values are high in comparison with hypothetical risks regulated by other federal agencies. An additional 120 rodent carcinogens to which workers are exposed had no U.S. OSHA permissible exposure limit, which suggests the need for further regulatory attention and research on mechanism of carcinogenesis.
Pollution
Much of the public fears synthetic pollutants as major causes of cancer, but this fear is based on a misconception. Even assuming that the U.S. EPA's worst-case risk estimates for synthetic pollutants are true risks, the proportion of cancer that the U.S. EPA could prevent by regulation would be tiny (84) . Epidemiological studies of pollutants, moreover, are difficult to conduct because of inadequacies in assessing low-level exposures and failure to account for confounding factors like smoking, diet, and geographic mobility of the population. Since the focus of this section is on cancer causation, we shall not discuss other issues in environmental protection.
Air Pollution
Indoor air is generally of greater concern than outside air because people spend 90% of their time indoors and because the concentrations of pollutants indoors tend to be higher than outdoors. Radon is likely to be the most important carcinogenic air pollutant. It occurs naturally as a radioactive gas that is generated as a decay product of the radium present in trace quantities in the earth's crust. Radon (90) . In areas with high levels of radon, individuals can perform a measurement in their homes for about $20, and if high levels are found, they can be reduced substantially-using available contractors-for perhaps $1500 (86) . With respect to outdoor air pollution, a recent large study has reported an association with lung cancer when sulfates are used as an index, but not when fine particles are used; the study did not control for diet (91) . Water Pollution Water pollution as a risk factor for cancer appears small. Among potential hazards that have been of concern, the most important are radon (exposure is small compared to air) and arsenate. Natural arsenate is a known human carcinogen at high doses (92, 93) , and further research is needed to determine mechanisms of carcinogenesis and the dose response in humans. Chlorination of water, an important public health intervention, produces large numbers of chlorine-containing chemicals as byproducts, some of which are rodent carcinogens. Evidence that chlorination of water increases cancer has been judged inadequate (94) . A recent case-control interview study did not confirm earlier associations with bladder and colon cancer but did find an association with rectal cancer (95) .
Animal Cancer Tests and the Rachel Carson Fallacy
Neither toxicology nor epidemiology supports the idea that synthetic industrial chemicals are causing an epidemic of human cancer. Although some epidemiological studies find an association between cancer and low levels of industrial pollutants, the associations are usually weak, the results are usually conflicting, and the studies do not correct for diet, which is a potentially large confounding factor. Moreover, the levels of synthetic pollutants are low and rarely seem plausible as a causal factor when compared to the background of natural chemicals that are rodent carcinogens (7) . Rachel Carson's fundamental misconception was, "For the first time in the history of the world, every human being is now subjected to contact with dangerous chemicals, from the moment of conception until death" (96) . She was wrong: The vast bulk of the chemicals to which humans are exposed are natural, and for every chemical some amount is dangerous. Carson thus lacked perspective about the wide variety of naturally occurring chemicals to which all people are exposed and did not address the fact that, outside the workplace, exposures to synthetic pollutants are extremely low relative to the natural background.
Animal cancer tests are conducted on synthetic chemicals at the maximum tolerated dose (MTD) of the chemical, and regulatory agencies use the results to predict human risk at low levels of exposure. Since the vast proportion of human exposures are to naturally occurring chemicals, while the vast proportion of chemicals tested for carcinogenicity are synthetic, there is an imbalance in data and perception about chemicals and cancer.
The great bulk of chemicals ingested by humans is natural by both weight and number. We estimate that 99.99% of the pesticides in the diet are naturally present in plants to ward off insects and other predators (97) . Half the natural pesticides tested-35 of 64-are rodent carcinogens (7, 98, 99) . Reducing exposure to the 0.01% of pesticides that are synthetic, either individual chemicals or mixtures, will not appreciably reduce cancer rates. On the contrary, fruits and vegetables are important for reducing cancer; making them more expensive by reducing use of synthetic pesticides is likely to increase cancer. People with low incomes eat fewer fruits and vegetables (100) and spend a higher percentage of their income on food.
Humans also ingest large numbers of natural chemicals from cooking food. Of the more than 1000 chemicals identified in roasted coffee, over half of those tested-19 of 27-are rodent carcinogens (99) . There are more natural rodent carcinogens by weight in a single cup of coffee than potentially carcinogenic synthetic pesticide residues in the average U.S. diet in a year, and there are still about 1000 known chemicals in roasted coffee that have not been tested. That does not necessarily mean that coffee is dangerous, but that high-dose animal cancer tests and worst-case risk assessments build in enormous safety factors and should not be considered true risks at the low dose of most human exposures.
Because of their unusual lipophilicity and long environmental persistence, there has been particular concern for a small group of polychlorinated synthetic chemicals such as DDT and polychlorinated biphenyls. There is no convincing epidemiological evidence (101), nor is there much toxicological plausibility (7) , that the levels normally found in the environment are Environmental Health Perspectives * Vol 105, Supplement 4 * June 1997 likely to contribute significandy to cancer. TCDD, which is produced naturally by burning when chloride ion is present, for example in forest and other fires, and as an industrial by-product, is an unusually potent rodent carcinogen but seems unlikely to be a significant human carcinogen at the levels to which the general population is exposed.
The reason humans can eat the tremendous variety of rodent carcinogens in our diet is that, like other animals, we are extremely well protected by many general defense enzymes, most of which are inducible-that is, whenever a defense enzyme is in use, the body produces more of it (102) . Defense enzymes are effective against both natural and synthetic chemicals, including potentially mutagenic, reactive chemicals. One does not expect, nor does one find, a general difference between synthetic and natural chemicals in their ability to cause cancer in high-dose rodent tests (7, 99, 103) .
We have ranked possible carcinogenic hazards from known rodent carcinogens by using an index that relates human exposure to carcinogenic potency in rodents (HERP) (7, 99, 104, 105) . Our ranking does not estimate risks because current science does not have the ability to do so. Instead, we put possible hazards of synthetic chemicals into perspective against the background of naturally occurring rodent carcinogens in typical portions and average exposures of common foods (99) . The residues of synthetic pesticides or environmental pollutants rank low in comparison with the background of naturally occurring rodent carcinogens, despite the fact that such a comparison gives a minimal view of hypothetical background hazards because so few chemicals in the natural world have been tested for carcinogenicity in rodents. Our results indicate that many ordinary foods would not pass the regulatory criteria used for synthetic chemicals. Our analysis does not necessarily indicate that coffee consumption, for example, is a significant risk factor for human cancer even though chemicals in coffee have HERP values that rank much higher in possible hazard than the HERP that converts to the default one-ina-million worst-case risk estimate used by the U.S. EPA (7) . Adequate risk assessment from animal cancer tests requires more information about many aspects of toxicology, such as effects on cell division, induction of defense and repair systems, and species differences. The U.S. EPA has recendy given attention to these factors in its newly proposed cancer risk assessment guidelines (106) .
More than half the chemicals, whether synthetic or natural, that have been tested at the MTD under standard testing procedures are classified as carcinogenic. The high positivity rate is consistent for synthetic chemicals, natural chemicals, natural pesticides, and chemicals in roasted coffee, and has not changed through the years of testing (99, 107, 108) . Half the drugs in the Physician 's Desk Reference that report animal cancer test results are carcinogenic (109) . The 1969 Innes series of tests of 119 synthetic chemicals, mainly all of the commonly used pesticides of the time, is frequently cited as evidence that the proportion of carcinogens in the world of chemicals is low, as only 9% were judged positive. Gold et al. (99, 107) pointed out that these tests were quite deficient in power compared to modern tests, and they have now reanalyzed Innes by asking whether any of the Innes-negative chemicals have been retested using current protocols. They found that 34 had been retested and 16 were judged carcinogenic, again about half (99) .
What is the explanation for the high positivity rate in high-dose animal cancer tests? When the testing protocol was developed in the 1960s, it was expected that chemical carcinogens would be rare and that they would be mutagens. Bias in picking more suspicious chemicals does not appear to be the sole explanation for the high positivity rate for numerous reasons (107, 108, 110) . There is, however, an explanation that is supported by an increasing array of papers: that the MTD of a chemical can cause chronic cell killing and cell replacement in the target tissue, a risk factor for cancer that can be limited to the high dose. This explanation is supported by a wide variety of evidence. For example, endogenous oxidative damage to DNA is enormous-over 1 million oxidative lesions per rat cell (9) . Thus, from first principles, the cell division rate must be a factor in converting such lesions to mutations, thereby increasing cancer. Therefore, raising the level of either DNA lesions or cell division in the cells that can give rise to tumors will increase cancer. Just as DNA repair protects against lesions, p53 guards the cell cycle and protects against cell division if the lesion level gets too high; however, neither defense is perfect. Cell division is also a major factor in loss of heterozygosity through nondisjunction and other mechanisms (103, 110, 111 (132) , in part because they divert resources from important health risks and in part because higher incomes are associated with lower mortality (133, 134) . Worst-case assumptions in risk assessment represent a policy decision, not a scientific one, and they confuse attempts to allocate money effectively for cancer prevention (135, 136) .
Discussion
Epidemiological evidence in humans is sufficient to identify several broad categories of cancer causation for which the evidence is strong and plausible. Because many of those risks are avoidable, it is possible to reduce rates of many types of cancer. One approach to estimating the population impact of adopting major lifestyle factors associated with low cancer risk is to compare cancer incidence and mortality rates of the general population to those of Seventh-Day Adventists-who generally do not smoke, drink heavily, or eat much meat but do eat a diet rich in fruits and vegetables (137, 138 
